










芳田　悠里 1，2） 砂川　正隆＊1） 草 柳 　肇 1）
金木　清美 1） 北村　敦子 1） 岡田まゆみ 3）
時田江里香 4，5） 岩波　弘明 4，6） 堀部　有三 4，6）






らびに作用機序の検討として ICC の変化を調べた．1）雄性 C57BL/6J マウスに対し塩酸モル










ヒネ誘発性便秘モデルに大建中湯（75 mg/kg）を投与した群の 4 群に分け，Tail Flick Test
にて熱刺激に対する疼痛閾値を測定した．大建中湯の投与はモルヒネの鎮痛作用に影響しな
かった．次に，同様に群分けしたマウスより上部小腸と直腸を摘出し，ICC の変化を免疫組織






























































研 究 方 法
　1．実験動物


















500 mg/kg とした．MOR 群と MOR＋DKT 群は，
塩酸モルヒネ（10 mg/kg/day：武田薬品工業，大
阪）を 10 日間連続で皮下投与し，モルヒネ誘発性















部小腸（胃幽門部から約 1 cm 部分）と直腸（肛門
から約 1 cm 部分）を摘出．潅流させた Krebs 液中
に腸管をつるして，その自発運動を記録した．次








投与後に投与する群（POST）の 3 群に（各 n＝4）
無作為に分けた．方法は2．1）in vivo実験と同様に，
マウスに塩酸モルヒネ（10 mg/kg/day）を 10 日間
連続投与し，排便量を記録した．PRE 群にはモル
ヒネ投与 60 分前に，SIMUL 群にはモルヒネ投与と



















ICC は受容体型チロシンキナーゼ蛋白 c-kit を発現
することから，ICC の検出には抗 c-kit 抗体を用い
た18）．前実験と同様に，6 週齢の雄性 C57BL/6J マ
ウス 20 匹を無作為に CON 群，DKT（75 mg）群，






overnight）（1：100，rabbit anti-c-kit antibody; Santa 
Cruz Biotechnology, TX, USA），ならびに二次抗体
（室温，2 時間）（1：1000. Alexa FluorⓇ 555 Donkey 









（200×200 µm）内にある DAPI 陽性の核を含む
Table 1　Groups of experiment
Groups n DKT（p.o.） Morphine（s.c.）
Control（CON） 6 0 mg（water） 0 mg（saline）
DKT（75mg） 6  75 mg/kg 0 mg（saline）
Morphine（MOR） 7 0 mg（water） 10 mg/kg
MOR＋DKT（30 mg） 6  30 mg/kg 10 mg/kg
MOR＋DKT（75 mg） 7  75 mg/kg 10 mg/kg
MOR＋DKT（150 mg） 7 150 mg/kg 10 mg/kg
MOR＋DKT（300 mg） 6 300 mg/kg 10 mg/kg
MOR＋DKT（500 mg） 6 500 mg/kg 10 mg/kg




















抑制された（89.79±5.86％）（P ＜ 0.05，vs MOR）．
他の投与量では，排便量の低下を抑制する作用は認



























Fig. 2　 Direct eﬀects of Daikenchuto （DKT） on the 
excised bowel motilities in Krebs solution
The administration of 2％ DKT did not produce no-
ticeable changes in the motilities of the small intes-
tine and colon. The motility of the small intestine was 
accelerated by 4％ DKT but inhibited by 10％ DKT. 
The motility of the colon was inhibited by 4％ and 
10％ DKT.
Fig. 1　 Eﬀects of Daikenchuto on mice with constipa-
tion induced by morphine
CON: control group, DKT: Daikenchuto treated group, 
MOR : morphine administered group, MOR＋DKT : 
DKT treated MOR group. The volume of stool is ex-
pressed as a percentage （the average stool volume over 
10 days after the morphine injection / the average stool 
volume over 3 days before the injection）. The volume of 
stool was signiﬁcantly decreased by the administration 
of morphine. Only the administration of DKT （75 mg/
kg） inhibited the decrease in the volume of stool.
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下が始まったが，MOR 群と MOR＋DKT（75 mg）
群とではその変化に差は生じなかった（Fig. 4）．




　上部小腸の組織像を Fig. 5a に，直腸を Fig. 5b
に示す．腸管筋層の ICC 数をカウントしたところ，

























この倍量（15.0 g/day を分 3 で投与する場合，1 回
5.0 g を 100 ml の水で服用したとすると 5.0％）投
与することもある．健常人を用いた Manabe ら21）の
研究では，大建中湯を7.5 g/dayあるいは15.0 g/day




果が認められた．動物モデルを用いた in vivo なら





Fig. 3　 Appropriate timing of the administration of 
Daikenchuto （DKT）
DKT was administered before （PRE） or after （POST） 
the injection of morphine, or simultaneously with the 
injection of morphine （SIMUL）. The volume of stool 
was signiﬁcantly decreased in the POST group versus 
with the PRE and SIMUL groups （＊P ＜ 0.05）.
Fig. 4　Thermal pain threshold by the tail ﬂick test
CON: control group, DKT: Daikenchuto treated group, 
MOR : morphine administered group, MOR＋DKT : 
DKT treated MOR group. The chronic administration 
of morphine induced tolerance. The pain threshold was 
increased by the chronic administration of MOR 
（10mg/kg/day） but decreased after day 7. The 




Fig. 5　The changes of interstitial cells of Cajal （ICC）
CON: control group, DKT: Daikenchuto treated group, MOR: morphine administered group, 
MOR＋DKT: DKT treated MOR group. （a） and （c）: ICC in the small intestine. （b） and （d）: 
ICC in the colon. The number of ICC in the MOR group was signiﬁcantly decreased （＊P ＜
0.05）; however, the decrease was inhibited in the MOR＋DKT group. Immunopositivity for 






























































































1） Itoh T, Yamakawa J, Mai M, et al. The eﬀect 
of the herbal medicine dai-kenchu-to on post-
operative ileus. J Int Med Res. 2002;30:428-432.
2） 武田宏司，中川宏治，武藤修一，ほか．IBS（便
秘型）―大建中湯．診断と治療．2011;99:817-822．
3） Satoh K, Kase Y, Yuzurihara M, et al. Eﬀect of 
Dai-kenchu-to （Da-Jian-Zhong-Tang） on the 
delayed intestinal propulsion induced by chlor-




5） Shibata C, Sasaki I, Naito H, et al. The herbal 
medicine Dai-Kenchu-Tou stimulates upper 
gut motility through cholinergic and 5-hy-
droxytryptamine 3 receptors in conscious dogs. 
Surgery. 1999;126:918-924.
6） Nagano T, Itoh H, Takeyama M. Eﬀect of Dai-
kenchu-to on levels of 3 brain-gut peptides 
（motilin, gastrin and somatostatin） in human 
plasma. Biol Pharm Bull. 1999;22:1131-1133.
7） Kono T, Koseki T, Chiba S, et al. Colonic vas-
cular conductance increased by Daikenchuto 
via calcitonin gene-related peptide and recep-
tor-activity modifying protein 1. J Surg Res. 
2008;150:78-84.
8） Levy MH. Pharmacologic treatment of cancer 
pain. N Engl J Med. 1996;335:1124-1132.
9） Nakamura T, Sakai A, Isogami I, et al. Abate-
ment of morphine-induced slowing in gastroin-
testinal transit by Dai-kenchu-to, a traditional 
Japanese herbal medicine. Jpn J Pharmacol. 
2002;88:217-221.
10） Satoh Y, Itoh H, Takeyama M. Daikenchuto 
raises plasma levels of motilin in cancer pa-
tients with morphine-Induced constipation. J 
Tradition Med. 2010;27:115-121.
11） Chen JH, Zhang Q, Yu Y, et al. Neurogenic and 
myogenic properties of pan-colonic motor pat-
terns and their spatiotemporal organization in 
rats. PLoS One. 2013;8:e60474. （accessed 2014 




12） Kim ER, Kim KM, Lee JY, et al. The clue of In-
terstitial Cell of Cajalopathy （ICCpathy） in hu-
man diabetic gastropathy: the ultrastructural 
and electrical clues of ICCpathy in human dia-
betic gastropathy. Exp Toxicol Pathol. 2012;64: 
521-526.
13） Bernardini N, Segnani C, Ippolito C, et al. Im-
munohistochemical analysis of myenteric gan-
glia and interstitial cells of Cajal in ulcerative 
colitis. J Cell Mol Med. 2012;16:318-327.
14） Wang XY, Zarate N, Soderholm JD, et al. Ul-
trastructural injury to interstitial cells of Cajal 
and communication with mast cells in Crohn’s 
disease. Neurogastroenterol Motil. 2007;19:349-
364.
15） Gfroerer S, Metzger R, Fiegel H, et al. Diﬀeren-
tial changes in intrinsic innervation and inter-
stitial cells of Cajal in small bowel atresia in 
newborns. World J Gastroenterol. 2010;16:5716-
5721.
16） Kashyap P, Gomez-Pinilla PJ, Pozo MJ, et al. 
Immunoreactivity for Ano1 detects depletion 
of Kit-positive interstitial cells of Cajal in pa-
tients with slow transit constipation. Neurogas-
troenterol Motil. 2011;23:760-765.
17） Raehal KM, Walker JK, Bohn LM. Morphine 
side eﬀects in beta-arrestin 2 knockout mice. J 
Pharmacol Exp Ther. 2005;314:1195-1201.
18） Komuro T, Zhou DS. Anti-c-kit protein immu-
noreactive cells corresponding to the intersti-
tial cells of Cajal in the guinea-pig small intes-
tine. J Auton Nerv Syst. 1996;61:169-174.
19） Zhou Q, Wang J, Zhang X, et al. Effect of 
metabotropic glutamate 5 receptor antagonists 
on morphine efficacy and tolerance in rats 
with neuropathic pain. Eur J Pharmacol. 2013; 
718:17-23.
20） Kurosawa S, Nishikawa S, Kaneko M, et al. 
The herbal medicine Dai-Kenchu-to contract 
guinea pig colon muscle while relax the gastric 
muscle-an evidence of new therapy for para-
lytic ileus. Gastroenterology. 1997;112:A768.
21） Manabe N, Camilleri M, Rao A, et al. Eﬀect of 
daikenchuto （TU-100） on gastrointestinal and 
colonic transit in humans. Am J Physiol Gas-
trointest Liver Physiol. 2010;298:G970-G975.
22） Tulimat MA, Ishiguchi T, Kurosawa S, et al. 
The inhibitory eﬀect of herbal medicine ‒Dai 
Kenchu To （DKT）‒ on the colonic motility in 




大腸運動に対するモルヒネの影響　in vivo と in 
vitro での比較．昭和医会誌．2008;68:225-231．
25） Huizinga JD, Chen JH. Interstitial cells of Cajal: 
update on basic and clinical science. Curr Gas-
芳　田　悠　里・ほか
328
troenterol Rep. 2014;16:363. （accessed 2014 Dec 1） 
http://link.springer.com/article/10.1007%2Fs 
11894-013-0363-z doi:10.1007/s11894-013-0363-z.
26） Xu WD, Jiang X, Lan L, et al. Long-term cul-
ture and cryopreservation of interstitial cells 
of Cajal. Scand J Gastroenterol. 2012;47:89-98.
27） Wang CH, Wang LC, Jiang X, et al. Eﬀect of in-
terstitial cells of Cajal on gastrointestinal motil-
ity induced by motilin receptor agonist ABT-
229. Zhonghua Er Ke Za Zhi. 2010;48:254-259. 
（in Chinese）
KAMPO MEDICINE “DAIKENCHUTO” PREVENTS THE DECREASE  
OF INTERSTITIAL CELLS OF CAJAL  
IN MICE WITH CONSTIPATION INDUCED BY MORPHINE
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　Abstract 　　 Daikenchuto （DKT） is a traditional herbal medicine （also referred to as Kampo medi-
cine） which has been used to treat postoperative ileus, intestinal paralysis, stomachache, abdominal dis-
tention, constipation and diarrhea.  The aim of the study was to clarify the eﬀect of DKT on constipation 
induced by the chronic administration of morphine and its inﬂuence on the morphology and quantity of 
interstitial cells of Cajal （ICC）.  1） Male C57BL/6J mice were injected with morphine hydrochloride 
（10mg/kg） subcutaneously once a day for 10 days.  DKT （30, 75, 150, 300, and 500 mg/kg） was adminis-
tered 60 min before the injection of morphine.  Only the administration of DKT （75mg/kg） inhibited the 
decrease in the volume of stool.  2） The pain threshold was measured using the tail ﬂick test 30min after 
the injection of morphine.  The administration of DKT did not inﬂuence the antinociceptive eﬀect of mor-
phine.  3） The expression of ICC was examined immunohistochemistrically.  The number of ICC in the 
upper part of the small intestine and the colon were reduced by the chronic administration of morphine; 
however, the reductions were inhibited due to the administration of DKT （75mg/kg）.  Because DKT did 
not prevent the antinociceptive eﬀect of morphine, the eﬀect of DKT is not mediated through blocking 
the opioid receptor.  ICC is known to serve as a “pacemaker” which regulates contraction of the smooth 
muscle.  Our results suggest that the reduction in the number of ICC was involved in morphine-induced 
constipation and the administration of DKT inhibited the decrease in the volume of stool.  Administration 
of the optimal dose of DKT may prevent morphine-induced constipation.
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